ABSTRACT -The objective of this paper was to investigate the availability of betaine present in fine wheat bran (FWB) in diets for growing pigs. We used thirty crossbred intact males, housed individually in metabolic cages and distributed in a randomized block design, with five treatments and six replicates. Blocks consisted of two periods of 15 days. Average initial body weights were 32.00±1.30 and 44.90±1.32 kg, in the first and second periods, respectively. Treatments were modified only at the level of methionine plus cysteine (Met+Cys) required and the Met+Cys sources, consisting of a negative control (NC), formulated with 80% of Met+Cys requirements, and four positive controls (PC): PC Met -NC supplemented with 1.2 g kg −1 of DL-methionine; PC Bet -NC supplemented with 0.9 g kg −1 of anhydrous betaine; PC FWB -diet formulated with FWB; and PC FWB+Met -PC FWB supplemented with 1.0 g kg −1 of DL-methionine. No differences were observed on performance-related variables or on the digestibility coefficient of dry matter. Conversely, the digestibility coefficient of crude energy was lower when pigs were fed FWB and could be associated to the higher fiber content of FWB feeds. Digestible energy of feeds was higher for FWB diets, while the metabolizable energy of FWB diets did not differ from PC Met and PC Bet . Nitrogen intake and apparent absorption were lower when pigs were fed FWB, but nitrogen retention, protein utilization, and biological value of the feed protein were the same among PC treatments, indicating that nitrogen from diets was used by pigs with the same efficiency, and is supported by no differences in performance-related variables. The FWB composition showed 12 g of betaine kg −1 , which is available to maintain nitrogen retention and performance.
Introduction
Methionine, an essential amino acid for pigs, participates in a number of metabolic pathways. It is the primer for protein synthesis, precursor for other amino acids, and an important donor of methyl groups (Nelson and Cox, 2014) . Methyl-group transfer reactions are essential for the biosynthesis of several body substances, such as creatine, carnitine, epinephrine, and melatonin (Brosnan et al., 2007) .
In transmethylation reactions, methyl groups for remethylation to methionine can be provided by homocysteine, choline, or betaine (Nelson and Cox, 2014) . For this reason, betaine is commonly used as an animal feed additive, and its effects as an osmolyte, methyl donor, and carcass modifier have been observed in some studies (Eklund et al., 2005; Feng et al., 2006) . Due to research on human nutrition, natural betaine was found in some ingredients such as wheat and wheat bran, with content ranging between 1,339 and 1,506 mg/100 g (Zeisel et al., 2003) . These findings have provided useful insights into animal nutrition, presenting the question of whether wheat byproducts could be a betaine source. Besides, Wesendonck et al. (2013) ) (Wesendonck et al., 2013) .
Based on this background, FWB could be a promising source of energy and betaine for pigs, but to our knowledge, no information has been published about the availability of the betaine present in this feed ingredient. The objective of this paper was to investigate the availability of betaine present in FWB in diets for growing pigs, using nutrient digestibility and nitrogen balance as responses.
Material and Methods
Research on animals was conducted according to the institutional committee on animal use (case number 22583). The experiment was carried out in Porto Alegre, Rio Grande do Sul, Brazil (30°01' S latitude, 51°13' W longitude, and 46 m elevation).
In this study, we used thirty crossbred intact males (Agroceres × DanBred), housed individually in metabolic cages and in a partial temperature-controlled room. The animals were distributed in a randomized block design, in which the blocks consisted of two periods of 15 days. Each block (period 1 and 2) was composed by five treatments and three replicates each, totaling six replicates. Average initial body weights were 32.00±1.30 and 44.90±1.32 kg in the first and second periods, respectively. Each experimental period was divided into five days for adaptation and 10 days for total feces and urine collection.
The treatments were made up of diets formulated to meet the nutritional requirements proposed by Rostagno et al. (2011) for intact growing pigs, nutritionally modified only at the levels of methionine plus cysteine (Met+Cys) and betaine (Table 1) . These levels were adjusted by adding methionine and/ or betaine sources (DL-methionine 99%, anhydrous betaine 96%, and FWB), maintaining the molar ratio between both sources (1.00:1.27 betaine:methionine).
The negative control (NC) was formulated with 80% of Met+Cys requirements. The remaining diets were four positive control (PC) diets: PC Met -NC supplemented with 1.2 g kg −1 of DL-methionine; PC Bet -NC supplemented with 0.9 g kg −1 of anhydrous betaine; PC FWB -diet formulated with FWB; and PC FWB+Met -PC FWB supplemented with 1.0 g kg −1 of DL-methionine. Fine wheat bran was subjected to chemical analyses (separation by capillary electrophoresis with UV detection; Eurofins Scientific, Garibaldi, Brazil), and its betaine content was 12 g kg −1
; so this byproduct contributed 24 g of betaine kg −1 to the diets PC FWB and PC FWB+Met .
Pigs were fed at 2.6 times the maintenance energy requirement (ARC, 1981) based on their estimate metabolic body weight (BW 0.60 ), which was assumed to be 2.6 × 250 kcal ME × BW 0.60 dietary ME −1 (Noblet and Shi, 1993) . Water was supplied ad libitum and diets were offered in three daily meals (at 08:30, 13:30, and 17:30 h). Total urine and feces of each pigs were collected separately. The beginning and end of each collection were determined by the appearance of marked feces with the addition of 2.5 g kg −1 of ferric oxide (Fe 2 O 3 ) in the diets. Feces were collected twice a day (10:00 and 16:00 h), weighed, packed in plastic bags, and stored in a freezer at −10 °C. Urine was collected in a bucket via a funnel below the cage. To prevent nitrogen losses by ammonia volatilization, 5 mL of sulphuric acid (H 2 SO 4 ) was added to the buckets. The volume was weighed daily, and a 10% aliquot was removed and refrigerated at −10 °C.
Feces and urine were dried in a force-ventilation oven at 60 ºC for 72 h. According to AOAC (1990) procedures, the samples were analyzed for dry matter (DM; method 930.15) and nitrogen (method 954.01). Crude energy (CE) was analyzed by bomb calorimetry (IKA Werke GmbH and Co. KG, Staufen, Germany). According to the calculation described by Sakomura and Rostagno (2016) , the digestibility coefficients of DM (DCDM) and CE (DCCE) were calculated. Digestible energy (DE) and metabolizable energy (ME) of feeds were calculated as described by Campbell et al. (1983) .
All data were subjected to one-way analysis of variance (ANOVA). The statistical model included the effect of treatment and block. Means were compared by SNK multiple-range test at a significance level of P<0.05. All statistical analyses were carried out using the Statgraphics Plus version 4.1.
The statistical model used to test the effect of treatments and blocks was:
in which Y ijk is the quantitative response variable; µ is the overall mean; T is the effect of treatment ("i" = NC, PC Met , PC Bet , PC FWB , and PC FWB+Met ); B is the effect of block ("j" = period 1 and 2); and ɛ is the random error. 
Results
We did not find any differences between experimental treatments for average daily feed intake (P = 0.519). However, pigs fed the negative control diet showed lower average daily gain (P = 0.001) and higher feed conversion ratio (P = 0.001) than pigs fed the positive control diets (Table 2 ).
No differences were observed for DCDM (P = 0.447), with average values between experimental treatments ranging from 847 to 859 g kg −1 of DM (Table 2) . Conversely, DCCE was lower (P = 0.001) when pigs were fed FWB (Table 2 ).
Digestible energy of feeds (P = 0.002) was higher for FWB diets, while for metabolizable energy (P = 0.033), diets formulated with FWB did not differ from those formulated with DL-methionine or anhydrous betaine (Table 2 ).
Nitrogen intake (P = 0.018) and apparently-absorbed nitrogen (P = 0.001) were lower when pigs were fed FWB, while nitrogen excreted in feces (P = 0.001) was higher ( Table 2 ). Nitrogen retained (P = 0.023) and total nitrogen excreted (P = 0.223) were not significantly affected by FWB inclusion (Table 2) . Similary, no effect was observed on net protein utilization (P = 0.121), which corresponds to nitrogen retained:nitrogen intake, as well as on biological value of the feed protein (P = 0.821), which corresponds to nitrogen retained:nitrogen absorbed. DM -dry matter; DE -digestible energy; ME -metabolizable energy; ADFI -average daily feed intake; ADG -average daily gain; FCR -feed conversion ratio; NPU -net protein utilization (N retained/N intake); BVFP -biological value of the food protein (N retained/N apparently absorbed); RMSE -root-mean-square error. 1 NC -negative control; PC -positive control: PCMet -NC supplemented with DL-methionine; PCBet -NC supplemented with anhydrous betaine; PCFWB -formulated with fine wheat bran (FWB); PCFWB+Met -PCFWB supplemented with DL-methionine. Mean values in the same line with different letters differ statistically according to Student-Newman-Keuls test (P<0.05).
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Discussion
Even with animals raised in metabolic cages, it is important to cite that pigs fed FWB maintained the same performance-related variables as those fed diets supplemented with DL-methionine and anhydrous betaine. The hypothesis of providing betaine throughout FWB inclusion seems to be supported by our results on performance, since in the PC FWB diet, SID Met+Cys requirements were achieved only by adding FWB. The supposed betaine provided by wheat could be used in transmethylation reactions from homocysteine to methionine (Nelson and Cox, 2014) , which would maintain the protein synthesis and, thus, performance.
Even though some studies reported that the osmolytic property of betaine supports intestinal cell growth, influencing nutrient digestibility (Xu and Yu, 2000; Eklund et al., 2005) , we did not see any improvement by FWB or anhydrous betaine addition. However, in our study, the diet with anhydrous betaine provided the same DCCE as the diet with DL-methionine. This is in line of previous research, that has shown that betaine could be used to methylate homocysteine to reform the amino acid methionine following donation of its methyl group (McDevitt et al., 2000; McBreairty et al., 2016) .
In agreement with our findings, Wesendonck et al. (2013) , in a study with growing pigs, found that FWB-based diets showed a DCCE 8.49% lower than a reference diet based on maize and soybean meal.
The lower nutrient digestibility of FWB diets could be related to their high dietary fiber levels. It has been shown that the fiber content increases the rate of feed passage, which might decrease nutrient utilization (Noblet and Le Goff, 2001; Lindberg, 2014) and the available energy content of the feed, because the fiber is only partly digested by growing pigs (Noblet and Le Goff, 2001 ).
Although at a lower digestibility coefficient of crude energy, FWB diets showed GE values numerically higher (average of 4,576 kcal kg
; not presented) than diets based on maize and soybean meal (average of 4,259 kcal kg
; not presented). As a consequence, those diets showed higher digestible energy values. Digestible and metabolizable energy of feeds in the present study are in agreement with the values calculated by Wesendonck et al. (2013) ; feeds with FWB presented 3,660 and 3,550 kcal kg −1 of DE and ME, respectively. The lower nitrogen intake by pigs fed FWB and higher nitrogen excreted in feces could be related to the dietary fiber content in these diets. Although all diets presented the same crude protein content (about 193 g kg
), pigs fed FWB diets consumed less feed (though not significant). This could be related to the effect of dietary fiber on viscosity, which decreases the rate of gastric emptying and, consequently, reduces intake (Slavin, 2005) . Interestingly, fecal excretion was higher when pigs were fed FWB, which could be a result of the nitrogen associated with cell wall fiber (Van Soest et al., 1991) and can explain the statistical difference for fecal nitrogen, but not for urinary or total excretion.
There is some evidence that dietary betaine supplementation improves nitrogen utilization of pigs (Eklund et al., 2005) due to the higher availability of methionine and cysteine for protein deposition in betaine-supplemented diets (McDevitt et al., 2000) . However, no improvement in nitrogen utilization was observed in the present study by betaine addition; nevertheless, the lack of significant differences for the net protein utilization (which express how much of dietary nitrogen was deposited into body tissues) indicated that the nitrogen from diets was used by pigs with the same efficiency, even when betaine was supplied by FWB. The same could be inferred from values of biological value of the feed protein, which correspond to the amount of apparently absorbed nitrogen retained by the organism to build or repair tissues. These results are supported by the lack of differences in performance-related variables among positive control treatments.
Conclusions
Under the evaluated conditions, the fine wheat bran composition showed 12.0 g of betaine kg −1 , which is available to maintain nitrogen retention and performance of growing pigs. However, fine wheat bran is not an effective source of betaine to maintain energy and dry matter digestibility.
